The possibility that chronic exposure to operating-area pollution concentrations of inhalation anaesthetic agents might prove a reproductive hazard in both male and female personnel has been of concern for several years (Vessey and Nunn, 1980) , but much of this fear is based on anecdotal evidence. Some recent data from animal studies (Lane et al., 1979) and epidemiological surveys (Cohen et al., 1980) cast suspicion on some anaesthetics. It was thought particularly important that enflurane should be tested as a teratogen at a potential environmental concentration, before it became more widely used clinically in Great Britain.
This study was designed to test the hypothesis that chronic inhalation of anaesthetics by adult male rats (before mating) and adult female rats (before and during pregnancy) could affect fertility and cause fetotoxicity or teratogenicity. We compared the effects of breathing two anaesthetics currently used clinically, enflurane 20 p.p.m. (v/v) in air or halothane 10 p.p.m. in air with control animals breathing air. In addition, the experiments provided the opportunity for assessing the potential organ toxicity in adult male and pregnant female rats exposed to these agents for 7-15 weeks.
Halothane was selected in order to be able to relate the experiments to different studies by ourselves (Lansdownetal., 1976; Pope etal., 1978) and others (Stevens et al., 1975 (Stevens et al., ,1977 Coate, Kapp and Lewis, 1979; Wharton et al., 1979) . Enflurane was selected because it has only recently been released for clinical use. Two abstracts on enflurane fetotoxicity (Strout et al., 1977; Wharton and Mazze, 1979) report preliminary experiments using either shorter total exposures or greater concentrations.
MATERIALS AND METHODS

Animals and exposure chambers
A total of 440 Sprague-Dawley rats bred under barrier-maintained conditions (specified pathogen-free) in the Comparative Medicine Division at the Clinical Research Centre were marked, weighed and randomly assigned four per cage to 10 experimental groups. Throughout the experiment they were fed an autoclaved standard small animal diet (Spillers No. 1 Lab. Animal diet), given water ad libitum and were kept on a synthetic cellulose bedding (Litalabow, SPS, Lyons France). Water and food intake were measured weekly and expressed as group consumption.
The animals were maintained in a controlled environment in two wooden-framed, double plywood skin chambers measuring 2.44 x 1.83 m x 1.22 m with air recirculated at a flowrate of 5.5 litre min~' through a carbon dioxide absorber and temperature regulator. All aspects of the two sealed chambers were kept alike except that controlled concentrations of anaesthetic were added to one of them. Each chamber was illuminated daily from 08.00 to 16.00 h by three fluorescent lamps. Ambient temperature and relative humidity were measured at least hourly initially, and every 20 min thereafter. Ambient concentrations of oxygen (Servomex Oxygen Analyser) and carbon dioxide (Hartmann and Braun Carbon Dioxide Analyser) were also monitored continuously. In a randomly selected week of exposure the mean temperature (± SEM) was 20.5 (±0.3) °C in the anaesthetic chamber, and 19.5 (±0.2) °C in the control chamber. The humidity in the anaesthetic chamber was 55.8 (1.3)% and in the control chamber 49.9 (0.7)%. The oxygen concentration ranged from 20.8 to 21.0% and the carbon dioxide from 0 to 0.5%.
In one chamber the anaesthetic was introduced from Monday to Friday for 8 h per day from 9 a.m. to 5 p.m. via a separate circulation incorporating an anaesthetic vaporizer. The flow rate was varied to give a constant concentration of anaesthetic in the chamber. Halothane was maintained at 10 p.p.m. with a Fluotec 3 vaporizer and enflurane at 20 p.p.m. with an Enfluratec vaporizer (Cyprane Ltd, Keighley, England). The anaesthetic concentrations were monitored with a gas chromatograph (Perkin-Elmer Fl 1 using an 80-°C column of 8% Carbowax W on Chromasorb W and flame ionization detector) modified for automatic alternate sampling of the gases in the two chambers every 10-20 min. The rates of build-up and decay of anaesthetic at the beginning and end of an 8-h cycle were rapid (7^ ==30 min) and balanced ( fig. 1 ). Opening the chamber door caused a rapid decrease in anaesthetic concentration as expected (closed circles) so the maintenance of the chamber and daily cleaning of the cages was done outside the times for anaesthetic exposure. To minimize stress, the rats were handled as little as possible and care was taken to keep background noise low.
To distinguish between any separate effects of these anaesthetics on spermatogenesis, oogenesis and fetal development, both male and nulliparous female rats were exposed and then mated with unexposed rats. These pairings are described below. Weights are given as mean + SEM.
Experimental design
Halothane exposure study: groups [1] [2] [3] [4] [5] [6] Group 1. Twenty males (283 +3 g) were exposed to halothane over a 36-day period and mated with 30 unexposed females (278 ± 5 g). After mating the males were returned to the halothane chamber.
Group 2. Twenty males (285 ±6 g) were kept in the control chamber over a 36-day period and were mated with 30 unexposed females (286 ±4 g). After mating the males were returned to the control chamber.
Group 3. Twenty males (496 ±6 g) which were originally in group 1 were exposed to halothane for a total of 64 days and then mated with 20 unexposed females (314 ±6 g). After mating the males were returned to the halothane chamber for a further 43 days.
Group 4. Twenty males (490+7 g) which were originally in group 2 were in the control chamber for a total of 64 days and then mated with 20 unexposed females (309 ±6 g). After mating, the males were returned to the control chamber for a further 43 days.
The resultant pregnant females in groups 1^4 were unexposed throughout pregnancy.
Group 5. Twenty females (279 ± 6 g) were exposed to halothane over a 31 -day period and mated with 20 unexposed males. Following conception, pregnant females were exposed to halothane throughout pregnancy.
Group 6. Twenty females (282 ± 5 g) kept in the control chamber over a 31-day period were mated with 20 unexposed males. Following conception, pregnant females were kept in the control chamber throughout pregnancy.
Enflurane exposure study: groups 7-10
Group 7. Twenty males (149 +4 g) exposed to enflurane over a 63-day period were mated with 30 unexposed females (311 +7 g). After mating, the males were returned to the enflurane chamber for a further 36 days.
Group 8. Twenty males (150 ±4 g) kept in the control chamber over a 63-day period were mated with 30 unexposed females (296 ±9 g). After mating, the males were then returned to the control chamber for a further 36 days.
Following conception, pregnant females in groups 7 and 8 were kept in the control chamber throughout pregnancy.
Group 9. Twenty females (258 ±5 g) exposed to enflurane over a 28-day period were mated with 20 unexposed males. Following conception, females continued to be exposed to enflurane throughout pregnancy.
Group 10. Twenty females (294 ±7 g) kept in the control chamber over a 28-day period were mated with 20 unexposed males. Following conception, females were kept in the control chamber throughout pregnancy.
Thirty dams littered down instead of being sacrificed at full term. After weaning, 24 of the offspring were kept in the control chamber and, at 12-14 weeks of age, male and female issue within a group were paired for mating. After successful mating, each male was paired with a nulliparous female which had come directly from the specified pathogen-free (SPF) breeding unit. These pairings are described below. Progeny of halothane-exposed animals Group 1(1). Three male progeny from group 1 (males exposed to halothane) were mated with three progeny from group 1.
Group /(//). The males from group 1(1) were mated with three SPF females.
Group 2(1). Three males from group 2 (controls) were mated with three female progeny from group 2.
Group 2(11). The males from group 2(1) were mated with three SPF females. Progeny of the enflurane-exposed animals Group 7(1). Three male progeny from group 7 (males exposed to enflurane) were mated with three females from group 7.
Group 7(11). The males from group 7(1) were mated with three SPF females.
Group 8(1). Three male progeny from group 8 (controls) were mated with three female progeny from group 8.
Group 8(11). The males from group 8(1) were mated with three SPF females.
All rats in the progeny groups described above were kept in the control chamber until sacrifice.
The day on which vaginal plugs were observed was designated day 1 of pregnancy and the pregnant rats were sacrificed on the morning of day 21. No vaginal plugs were observed in 4.8% of the pairings in which case each pair was separated after two oestrus cycles (8 days) and the females were palpated 19 days later. If they were diagnosed as pregnant, day 21 was estimated, but since the dates of conception and natural parturition could not then be guaranteed, resultant fetuses were inspected but measurements were not included for analysis. Indeed, some of the above females littered down apparently prematurely, perhaps because of the handling stress entailed during palpation.
Sampling and measurements Autopsy of female adults
All females were autopsied 1 day before natural parturition, and maternal liver, kidneys and body weight were recorded. Samples of maternal liver, kidney and lung were fixed and stained with haematoxylin and eosin for microscopic examination. The gravid uteri were opened and closely examined, and placental weights, fetal weights, crown-rump length, sex, number and gross abnormalities were recorded. Fetal loss was measured by the number of resorptions, dead fetuses and deciduomata without implants. Females which were not pregnant were also sacrificed and the uteri inspected for resorptions. All fetuses, including those of questionable gestation durations, were fixed in 95% ethanol for alazarin red S staining and skeletal preparation (Dawson, 1926) and for assessment of osseous development (Fritz and Hess, 1970) . Skeletal abnormalities were classified into the broad groups shown in table I. Supplementary ribs were denned as a rib or pair of ribs in the region posterior to the 13th thoracic ribs which were rudimentary and adjacent to the ossification centre of the first lumbar vertebra.
Autopsy of male adults
Male rats from groups 1 to 4 were sacrificed and weighed after 107 days in the enflurane or control chamber and from groups 7 and 8 after 99 days exposure in the halothane or control chamber. Samples of liver, kidney, lung, spleen, testis and heart were fixed in 10% formal saline and stained with haematoxylin and eosin for histological examination.
Statistical analysis
Although each pregnant female was used as the experimental unit for statistical analysis, the fetal weight, placental weight, crown-rump length and fetal/placental weight ratio were all measured on the offspring so that the mean value for each litter would have differing accuracies depending on the size of the litter. Analysis of variance was used, therefore, to estimate the components of variance between and within litters and hence provide an estimate of the variance of the mean of a litter of given size (Healy, 1972) . The between-litter variability was about twice the within-litter variability. Student's t test was then used to compare each control and anaesthetic group, using the reciprocal of the variance to weight the mean of each liner.
For each anaesthetic, more than one comparison of a control and treated group was made. The standardized t values from each comparison were combined to give an overall test of significance for each anaesthetic (Winer, 1971) . When only one observation was made on each experimental unit then either Student's t test or a comparison of proportions was used to compare the control and anaesthetic groups.
RESULTS
In each group, a small number of females were found not to be pregnant at postmortem examination. These, and a few females giving birth before the planned Caesarean section, reduced the number of litters of 21-day fetuses available for comparison (table II) . The number of non-pregnant females in different groups varied from 10 to 37%. However, only a limited number both had been mated with proven males and had vaginal plug formation and were therefore expected to be pregnant. There were no statistically significant differences between exposed and control groups in fertility rate. Indeed, the highest frequency of unexpected non-pregnancy (17%) occurred in unexposed controls (group 2).
In both groups of females exposed to an anaesthetic, percentage weight gain from day 1 to day 21 of pregnancy was larger than that in the respective control groups. Females exposed to halothane had gained 53% in weight compared with a 44% gain in the control group (P<0.1); females exposed to enflurane gained 59% in weight whereas controls gained 46% (P<0.01). No effect of either anaesthetic on male weight change was demonstrated.
The livers of females in group 7 (mated with males exposed to enflurane) weighed more than the livers in their respective controls (group 8): 17.4 ±0.4 g v. 16.5 ±0.4 g (P<0.1). Other treatments showed no statistically significant difference from control liver weights, nor were there any treatment-related effects on kidney weight.
Water consumption was measured from the day rats were placed in the chambers to the day they were paired. It was expressed as ml/kg initial body weight per day (93-119 for females and 119-244 for males) or ml/kg body weight increase per day (563-1048 for females and 86-165 for males). There was no effect of halothane or enflurane. Similarly, when food was expressed as g/kg initial body weight per day (65-94 for females and 99-193 for males) or g/kg body weight increase per day (361-669 for females and 64-138 for males), exposure to the anaesthetics had not affected the amount eaten. Tables II and III show the litter and fetal data. Each anaesthetic group is compared with its own control group. For the halothane-exposure experiments three comparisons are made of a control and anaesthetic group. In order to investigate whether the series of experiments suggested a consistent trend, the results from the three separate com- parisons were combined to provide an overall test of significance. Similarly, the two separate comparisons of enfiurane-exposed groups were combined. The only additional variable which showed statistically significant differences with the combined analysis was placental weight for the halothane series. In addition, this form of analysis did change the levels of significance for some treatment-related differences (table II) .
Halothane was associated with an increase (P<0.05) in the litter size following 36 days exposure of males, but not after the longer exposure. With male exposure to enfiurane there was no significant change in litter size, but females exposed to enfiurane had larger litters (P<0.1). There were no significantly different proportions of resorptions between anaesthetic-exposed and control groups (table II) and the absolute value of total fetal loss was a maximum of 3.2% for the halothane study and 3.7% for the enfiurane study.
Exposure of male rats to halothane for 36 days was associated with a 5.4% lower fetal weight (P<0.1) and a 10.9% lower fetal/placental weight ratio (P<0.1). There were no significant effects of the other halothane treatments on fetal weight, but fetal/placental weight ratio was reduced by 16% when males were exposed for 64 days (P<0.05). Maternal and paternal exposure to enfiurane resulted in a significant reduction in fetal weight. When males were exposed, the reduction was 4.3% (P<0.05) and when females were exposed it was 6.3% (P<0.001). This was accompanied by a significant reduction in size (crown-rump length) of 2.1% (P<0.1) when the males were exposed. Enfiurane had no effect on fetal/placental weight ratio.
Halothane increased the male: female sex ratio (table III) only when females were exposed to halothane {P <0.05), and when the combined data for all three halothane groups were analysed the significance decreased (P<0.1). There was a reduced sex ratio when males were exposed to enfiurane (P < 0.1) and when females were exposed to enfiurane (P <0.1), and the combined statistical analysis confirmed this (P<0.05).
Several skeletal anomalies were identified in fetuses from both control and exposed dams (table  IV) . The distribution of abnormalities suggested that within any one group the majority occurred in ribs, sternum and phalanges. Analysis of both the number of litters with two or more abnormal fetuses, and the number of litters with abnormal and resorbed fetuses, showed no significant differences. We treated the individual fetuses as independent observations and compared the anaesthetic and control groups. The only significant differences in the total frequency of abnormalities occurred in those fetuses resulting from paternal exposure to halothane for 36 days. This was because of an increased occurrence of reduced phalangeal and xiphisternal ossification. There was an increased frequency of fetuses with reduced xiphisternal ossification in one of the control groups (group 6).
Histology of maternal and paternal organs is summarized for each group in tables V and VI. Small foci of hepatic necrosis and fatty degeneration, as well as mononuclear cell infiltrates (some focal but most associated with the vascular bed) were found in many rats. They were present in livers from all groups and were not related to pregnancy, sex of the rats, anaesthetic exposure or to general signs of ill-health.
Kidneys from male rats in the halothane series showed mild evidence of chronic necrosis with blocked tubules and fibrosis, but again this occurred in both groups. In contrast, kidneys from female rats in the enf.arane series frequently showed quite severe evidence either of old lesions of tubular necrosis (classified here as chronic necrosis) or off.cutc tubular necrosis, but this was seen in both exposed and control groups, and was not apparently related to anaesthetic exposure, pregnancy or to the presence of chronic respiratory disease. Kidneys from male rats in the enflurane experiment were apparently healthy whether from exposed or unexposed groups.
Signs of respiratory disease were sometimes observed during the period of the experiment and at postmortem. Histological changes of mild, early chronic respiratory disease (peribronchial lymphocytic cufling and foci of granulation tissue) were often seen in lung sections, but evidence of acute inflammation was seen on only four occasions. These lung lesions were found in all groups and were not related to anaesthetic exposure, pregnancy or sex of the rats. Those samples of heart, testis and spleen which were inspected microscopically appeared normal.
From the 24 matings of the progeny of both halothane and enflurane series, one female in each of groups 7(11) and 8(11) was not pregnant and one female in group 2(1) littered down. At postmortem examination of the remaining 21 females there were 272 fetuses. On superficial macroscopic examination, only one abnormal fetus was found. This was from an otherwise healthy litter in the enflurane group 7(11). It was small and oedematous, with a poorly formed head and limbs encapsulated in thick, wrinkled skin.
On detailed skeletal examination, nine of the 75 fetuses with halothane-exposed grandsires were found to have at least one abnormality compared with none of the 55 fetuses in the control groups (P<0.01). The first generation of the enfluraneexposed males produced 5/69 fetuses with abnormal skeletons compared with 12/73 from the control groups. Nine of those in the control groups came from one female.
Litter size and fetal data of the first generations are compared in table VII. There were no statistically significant effects of halothane or enflurane on those variables tabulated for the first generation.
Chronic exposure to anaesthetics of males before mating, and of females before and during pregnancy, produced many changes in the rats and their progeny. Fortunately, the data do not imply serious abortifacient, teratogenic or histological damage associated with chronic exposure to either halothane or enflurane under the conditions of our study. The significant treatment-related effects are discussed under the various subheadings.
Parental and fetal observations
Initial group sizes of 20-30 parents were sufficiently large to allow for the subsequent exclusion of some animals because of nonpregnancy. The pregnancy rate of 63-90% indicated the possibility of a direct effect of the agents on fertility (table II) . However, the history of the non-pregnant females revealed that only a limited .1) 47 (7) number had been mated with males that had been proven fertile in another part of the study and had had vaginal plugs found after mating. There were no treatment-related statistically significant differences for these females or for the unproven males.
The only statistically significant difference between the litter data was that one of the male halothane-exposed groups and one of the female enflurane-exposed groups had a greater number of live fetuses per litter. In order to test if small but insignificant trends in other groups became significant on increasing the group size, the evidence from the separate comparisons was combined and re-analysed. The significance of the combined analysis for the litter size increased to P <0.01 for both halothane and enflurane.
The interesting fetal results were the decrease in fetal weight for one of the halothane-exposed groups and both of the enflurane-exposed groups. These were small effects which were accompanied by a significant decrease in fetal size in only one case. The significance of the combined data for enflurane (P<0.001) and those for halothane (P <0.1) indicate real effects, but it is probable that these decreases in fetal size are related to the increase in litter size rather than to any subtle fetotoxicity.
The fetal/placental weight ratio did decrease in the groups of males exposed to halothane and the statistical significance increased to P<0.01 in the combined analysis. There were similar trends in the enflurane-treated groups, but neither the individual nor the combined analysis indicated statistical significance.
The sex ratio did change in some of the halothane and enflurane-exposed groups, but the variability was within the range of the control groups.
There were no treatment-related significant differences in the frequency of resorptions. The maximum fetal loss in the control groups was small enough to reveal any serious abortifacient effect had it existed.
These general conclusions are consistent with all previous enflurane studies of which we are aware (Strout et al., 1977; Wharton and Mazze, 1979) . They are also consistent with the studies on the effect of halothane on reproduction conducted by ourselves (Lansdown et al., 1976; Pope et al., 1978) and others (Bruce 1973; Kennedy et al., 1976; Wharton et al., 1978; Wharton and Mazze, 1979) .
Skeletal examinations
There were significant increases in the frequency of skeletal abnormality in the halothane-exposed groups of male rats. This is interesting, but subdivision of the abnormalities revealed that the predominant effects were reduced ossification of phalanges. This effect on its own is of doubtful teratological significance because it is probably related to early sacrifice associated with difficulties in establishing the exact date of mating when vaginal plugs were not observed. Furthermore, exposure to greater concentrations (50 p.p.m.) of halothane in our previous study (Lansdown et al., 1976) did not indicate any concentration-related effect. There were no statistically significant skeletal effects associated with enflurane.
There was up to 6% loss of fetuses fixed for staining because of skeletal disintegration during clearing. However, comparison between actual and potential numbers of fetuses examined in each group indicated that the losses did not introduce any bias into the data. All skeletons were examined without prior knowledge of their exposure or litter group. Subsequently, the skeletal abnormalities were also related to the litter data to test if any abnormalities might have been masked by resorptions or fetal loss. However, there was no correlation with resorptions or fetal losses within the same litter. Nor was there any evidence that the skeletal abnomalities were distributed unevenly between the liners.
First generation studies
There were no statistically significant differences between the different groups in this part of the experiments. These preliminary studies were intended to reveal any major teratogenic effects manifested in the subsequent generation of rats. The numbers of parents were of necessity limited in order not to detract from the main study. The existence of one abnormal fetus originating from the enflurane group is not statistically significant. The lack of teratogenic significance of this finding is supported by the analysis of the skeletal data. We are not aware of any previous work with which our data can be compared.
Parental histological examinations
These were carried out without knowledge of the animals' previous history. The histological changes in the kidneys were surprising, but could not be related to a specific cause. All the animals were transferred directly from a disease-free breeding colony to the fumigated exposure chambers without exposure to contaminated rats. Nevertheless, they exhibited mild, early chronic respiratory disease.
The increased percentage gain in weight in the anaesthetic-exposed pregnant females may be related to the slightly increased litter weights. In addition, despite the random assignment of females to each group, the anaesthetic-exposed groups were 3% lighter on average at the beginning of the exposure period and at mating. Thus the percentage weight gain was larger.
None of the females exposed to anaesthetics had liver weight changes. This is interesting because of its possible relevance to hepatic enzyme induction. Earlier experiments with greater concentrations indicated that liver weight changes occur with chronic exposure to halothane and diethyl ether (Stevens et al., 1975) which are both metabolized. Subsequent studies with enflurane (Stevens et al., 1977) produced confusing results about the hepatic effects of chronic exposure to enflurane. The present study indicates that exposure to enflurane 20 p.p.m. is not associated with any specific hepatic toxicity.
All these animals had been kept in the control or anaesthetic exposure chambers for longer periods than in most previous chronic exposure studies. The obvious exception is the lifetime carcinogenicity study of halothane in mice , but in that case histological examination was performed only on tumour masses and other grossly abnormal tissues found at necropsy. The lack of treatment-related histological changes at these concentrations are in agreement with the predictions of Stevens and his colleagues (1975, 1977) , but do not support the ultrastructural studies of Chang and Katz (1976) .
The present study suggests that the threshold for chronic toxicity established for continuous exposure to the agents for 1 month (Stevens et al., 1975 (Stevens et al., , 1977 is not decreased if the regime is changed to daily exposure for periods up to nearly 4 months.
Experimental considerations
In the present studies we tried to eliminate or minimize all artefacts which can arise in such animal experiments involving long-term maintenance and pregnancy.
We selected the Sprague-Dawley rat because it is one of the established models for teratogenic testing. The rat appears to be at least as sensitive as the mouse and guineapig in relation to organ toxicity following chronic exposure to large con- centrations of the clinical anaesthetics (Stevens et al., 1975) . The rabbit may be slightly more sensitive (M. J. Halsey, C. J. Green and P. E. Bateman, unpublished observations), but has a smaller and less reproducible litter size and there are considerable problems in exposing statistically sufficient numbers of parents.
The Sprague-Dawley strain in particular has been shown to be sensitive to the fetotoxic effects of large concentrations of anaesthetics (Pope et al., 1978) including nitrous oxide (Shepard and Fink, 1968) . Evidence with the latter agent is important because recent studies on the teratogenicity of nitrous oxide have used Wistar rats (Vieira et al., 1980) . A comparison between these and other studies suggests that the Wistar rat may be two to six times more sensitive than the Sprague-Dawley rat, but that there are no qualitative differences between the strains.
The important issue about the choice of species and strain is whether or not the Sprague-Dawley rat is an adequate model for man. In view of the fact that the very existence of the occupational reproductive hazards is tenuous, it is difficult to provide any logical argument. It was for this reason that the present study simply compared enflurane with the appropriate volatile agent already established clinically-halothane.
Anaesthetic concentrations
It was decided to use a halothane concentration corresponding to one occurring in a hospital without any precautions being taken to scavenge the excess gases. The figure of 10 p.p.m. is in fact three times the mean anaesthetic contamination of the worst location established in a survey of hospitals in the North West Thames Region (Davenport et al., 1980) . Similar data for enflurane are not available in Great Britain, but the figure of 20 p.p.m. is based on the probable comparable contamination, taking into account the relative potencies and kinetics of the two agents.
Other workers (for example Wharton et al., 1978 Wharton et al., , 1979 have applied the concept of MAC-hours to chronic toxicity testing. This presupposes that the effects of a high concentration for a short period of time are the same as the effects of a low concentration for a proportionately longer period of time. Such an approach would considerably simplify chronic toxicity experiments. However, we believe that this is an over-simplification which ignores the complexities in the build-up of toxic substances in the tissues and the kinetics of cellular damage and repair. There is also direct evidence that chronic exposure to low concentrations can be a more severe toxicity stress than acute exposure to high concentrations (Halsey, 1981) .
The actual exposure conditions of the animals were monitored throughout the experiment. The measurement of anaesthetic concentration continually day and night revealed that build-up and decay periods were matched ( fig. 1) . The cage bedding was changed every day. The bedding was synthetic cellulose chips rather than natural wood shavings, in order to minimize variabilities in exposure to potential enzyme inducers. The oxygen, carbon dioxide and water partial pressures, as well as the environmental temperatures, were all within acceptable limits. The water and food consumption, together with normal weight gain during exposure (albeit crude guides) indicate that the animals suffered a minimum of stress. Individual measurements of food and water consumption were not possible because animals were deliberately caged in their customary groups of four during exposure. Food and water consumption were not measured during mating and pregnancy because the duration of pairing varied and was staggered.
Period of exposure
It was decided to expose females both before and throughout pregnancy. These animals have a 21-day period of gestation with implantation during days 1-7 and primary organ system development during days 8-12. Thus our periods of exposure include all the major cycles of reproduction.
The male animals were exposed over three spermatogenic cycles. In the halothane study the males exposed for 64 days were paired with females both in the middle and at the end of the exposure period in order to test if there was any apparent differences between exposure for 1^ or three spermatogenic cycles.
We chose to expose for 8 h daily, 5 days a week because this allowed us to compare our data with our previous experiments using the same regime during pregnancy only (Lansdown et al., 1976) . Rats are more active in darkness, but we did not reverse the dark-light regime because previous work suggests that diurnal variations, where they occur, are associated with increased susceptibility during the day (Pope et al., 1978) .
Continuous exposure would have provided a greater toxicity stress, but would not have mimicked the occupational exposure of theatre staff. It would also limit the maximum tolerated dose in future studies and might produce nutritional problems through a loss of appetite, as has been observed in other toxicity studies (Stevens et al., 1975) .
The data from the present series of experiments have demonstrated no serious treatment-related fetal or histological toxicity. This work was carried out with halothane 10 p.p.m. and enflurane 20 p.p.m. Halothane studies at greater concentrations have already been published by ourselves and others (Stevens et al., 1975; Lansdown et al., 1976) . We will now extend the studies with enflurane at greater concentrations under the same conditions of chronic exposure. 
